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STEP TRIANGULATION

TECHNICAL FIELD

The present technology pertains to determining an esti-
mated location of a target computing device, and more spe-
cifically pertains to determining the estimated location of the
target computing device based on historical signal readings.

BACKGROUND

Current computing devices can include functionality to
communicate with each other via wireless communication
signals. For example, many computing devices are enabled to
send and receive wireless communication signals using wire-
less technology standards such as Bluetooth®. Wireless com-
munication signals sent between computing devices can
include data identilying the transmitting computing device,
such as a unique device 1dentifier assigned to the transmitting
computing device, as well as other desired data for transier,
such as data defining specific commands, streamed content,
etc.

In addition to transmitting data between computing
devices, wireless communication signals can also be used to
determine the geographic distance between computing
devices. For example, a received signal strength indicating
the strength of a wireless communication signal recerved by a
receiving computing device can be used to estimate the dis-
tance between the recerving computing device and a trans-
mitting computing device that transmitted the wireless com-
munication signal. A weak recerved signal strength can
indicate a relatively longer geographic distance between the
transmitting and receiving computing devices, whereas a
strong recerved signal strength can indicate a relatively
shorter geographic distance between the transmitting and
receiving computing devices.

Current technologies utilize signal strength to help users
locate a target computing device. For example, a receiving
computing device can notily the user as to whether the wire-
less communication signal recerved from a target computing
device 1s getting stronger or weaker as the user changes
geographic location. A user can use the changes in signal
strength to determine the location of the target computing
device. While this provides the user with some guidance
regarding the location of the target computing device, the user
1s still required to determine the location through trial and
error by moving in multiple directions and viewing the result-
ing change 1n signal strength.

Other technologies attempt to provide a precise location of
a target computing device using triangulation. For example,
the signal strength of wireless communication signals
received by three or more computing devices from the target
computing device can be used to triangulate the location of
the target computing device. While these types of systems can
provide a much more precise location for the target comput-
ing device, they require simultaneous signal readings from
multiple computing devices. Accordingly, the data required
to utilize this technique likely will not be available to a user
that does not have a network of multiple computing devices
within an appropriate proximity ol the target computing
device.

SUMMARY

Additional features and advantages of the disclosure waill
be set forth 1n the description which follows, and 1n part wall
be obvious from the description, or can be learned by practice
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2

of the herein disclosed principles. The features and advan-
tages of the disclosure can be realized and obtained by means
of the mstruments and combinations particularly pointed out
in the appended claims. These and other features of the dis-
closure will become more fully apparent from the following
description and appended claims, or can be learned by prac-
tice of the principles set forth herein.

Disclosed are systems, methods, and non-transitory com-
puter-readable storage media for determining the estimated
location of a target computing device based on historical
signal readings. A computing device can determine an esti-
mated location of a target computing device based on histori-
cal signal readings describing wireless communication sig-
nals recerved from the target computing device. A signal
reading can include data such as a signal strength value indi-
cating the recerved signal strength of the wireless communi-
cation signal, a timestamp value indicating a time at which the
wireless communication signal was received and a geo-
graphic coordinate value indicating the location of a receiving
computing device when the wireless communication signal
was recerved.

The signal readings can describe wireless communication
signals recerved from the target computing device by one or
more receiving computing devices and received during vari-
ous times. For example, multiple recerving computing
devices can receive wireless communication signals from the
target computing device throughout each day and generate
signal readings describing the received wireless communica-
tion signals for later use. This can include storing the signal
readings locally 1n memory on the recerving computing
device and/or 1n a cloud based data storage accessible to
multiple computing devices.

To determine the estimated location of a target computing,
device, a computing device can gather a set of signal readings
describing wireless communication signals received from the
target computing device. The computing device can then
select a subset of the set of gathered signal readings for use 1n
calculating the estimated location of the target computing
device. For example, the computing device can calculate the
estimated location of the target computing device by triangu-
lating the location of the target computing device based onthe
geographic coordinate value and signal strength value of
three or more signal readings selected from the set of signal
readings.

The computing device can select a subset of signal reading,
that are determined to provide the most accurate, beneficial,
reliable, etc., data. For example, the computing device can
select the subset of signal reading based on the timestamp
value of the signal readings (e.g., select signal readings with
the latest timestamp value). While the selected signal read-
ings may not describe wireless communication signals that
have been recetved simultaneously from the target computing
device, the data can still be used to calculate an estimated
location of the target computing device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-recited and other advantages and features of the
disclosure will become apparent by reference to specific
embodiments thereof which are 1llustrated 1n the appended
drawings. Understanding that these drawings depict only
exemplary embodiments of the disclosure and are not there-
fore to be considered to be limiting of its scope, the principles
herein are described and explained with additional specificity
and detail through the use of the accompanying drawings 1n

which:
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FIG. 1 shows an exemplary configuration of devices and a
network 1n accordance with the invention;

FI1G. 2 shows an embodiment of a client device configured
to track wireless communication devices:

FIG. 3 shows a method of a client device determining the
estimated location of a target wireless tracking device;

FIG. 4 shows a method of a tracking management system
determining the estimated location of a target wireless track-
ing device;

FIGS. SA-5C show screenshots of a tracking device man-
agement interface for adding a wireless tracking device to a
user account,

FIGS. 6 A and 6B show screenshots of a tracking interface;

FIGS. 7A-7TH show a wireless tracking device;

FIGS. 8A and 8B show possible system embodiments.

DESCRIPTION

Various embodiments of the disclosure are discussed 1n
detail below. While specific implementations are discussed, 1t
should be understood that this 1s done for illustration pur-
poses only. A person skilled 1n the relevant art will recognize
that other components and configurations may be used with-
out parting from the spirit and scope of the disclosure.

The disclosed technology addresses the need 1n the art for
determining the estimated location of a target computing
device based on historical signal readings. A computing
device can determine an estimated location of a target com-
puting device based on signal readings describing wireless
communication signals receirved from the target computing
device. A signal reading can include data such as a signal
strength value indicating the recerved signal strength of the
wireless communication signal, a timestamp value indicating,
a time at which the wireless communication signal was
received and a geographic coordinate value indicating the
location of a recerving computing device when the wireless
communication signal was received.

The signal readings can describe wireless communication
signals recetved from the target computing device by one or
more receving computing devices and recerved during vari-
ous times. For example, multiple receiving computing
devices can receive wireless communication signals from the
target computing device throughout each day and generate
signal readings describing the received wireless communica-
tion signals for later use. This can include storing the signal
readings locally 1n memory on the receiving computing
device and/or 1n a cloud based data storage accessible to
multiple computing devices.

To determine the estimated location of a target computing,
device, a computing device can gather a set of signal readings
describing wireless communication signals recerved from the
target computing device. The computing device can then
select a subset of the set of gathered signal readings for use 1n
determining the estimated location of the target computing
device. For example, the computing device can determine the
estimated location of the target computing device by triangu-
lating the location of the target computing device based on the
geographic coordinate values and signal strength values of
the subset of signal readings selected from the set of signal
readings.

The computing device can select a subset of signal reading
that are determined to provide the most accurate, beneficial,
reliable, etc., data for determiming the estimated location of
the target computing device. For example, the computing,
device can select the subset of signal readings based on the
timestamp value of the signal readings (e.g., select the signal
readings with the latest timestamp value). While the selected
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4

signal readings may not describe wireless communication
signals that have been received simultaneously from the tar-
get computing device, the data can still be used to calculate an
estimated location of the target computing device.

FIG. 1 illustrates an exemplary system configuration 100,
wherein electronic devices communicate via a network and/
or directly via wireless communication for purposes of
exchanging content and other data. As illustrated, multiple
computing devices can be connected to communication net-
work 110 and be configured to communicate with each other
through use of communication network 110.

Communication network 110 can be any type of network,
including a local area network (“LAN), such as an intranet,
a wide area network (“WAN™), such as the internet, or any
combination thereof. Further, communication network 110
can be a public network, a private network, or a combination
thereof. Commumnication network 110 can also be 1mple-
mented using any number of communication links associated
with one or more service providers, including one or more
wired communication links, one or more wireless communi-
cation links, or any combination thereof. Additionally, com-
munication network 110 can be configured to support the
transmission ol data formatted using any number of proto-
cols. Additionally, the computing devices can also commu-
nicate with each other directly via wireless communication
signals using wireless technology standards such as Blue-
tooth®.

A computing device can be any type of general computing
device capable of network communication with other com-
puting devices. For example, a computing device can be a
personal computing device such as a desktop or workstation,
a business server, or a portable computing device, such as a
laptop, smart phone, or a tablet PC. A computing device can
include some or all of the features, components, and periph-
erals of computing device 800 of FIGS. 8A and 8B.

A computing device can also be a wireless tracking device
configured primarily to send and recetve wireless communi-
cation signals with other computing devices. For example, a
computing device can be a Bluetooth® tracking device, such
as wireless tracking device 700 of FIGS. 7A-7H.

To facilitate communication with other computing devices,
a computing device can also include a communication inter-
face configured to receive a communication, such as a
request, data, etc., from another computing device 1n network
and/or direct wireless communication with the computing
device and pass the communication along to an appropriate
module running on the computing device. The communica-
tion 1nterface can also be configured to send a commumnication
to another computing device in network and/or direct wireless
communication with the computing device.

In system 100, a user can track the location of one or more
of wireless tracking devices 115,, 115,, . . ., 115, (collec-
tively “115”) through use of client devices 105,, 105,, . . .,
105, (collectively “115”) and/or tracking management sys-
tem 120.

A wireless tracking device 115, can be any type of com-
puting device configured to communicate with another com-
puting device by transmitting and receiving wireless commu-
nication signals. For example, a wireless tracking device 115,
can be a Bluetooth® tracking device configured primarily to
transmit and receive wireless commumnication signals using
the Bluetooth® wireless technology standard.

While a wireless tracking device can be any type of com-
puting device capable of communicating with another com-
puting device by transmitting and recerving wireless commu-
nication signals, a wireless tracking device 115, can also be a
computing device designed with the primary intent of being
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attached to 1tems for tracking purposes. Accordingly, a wire-
less tracking device 115, can be designed to be relatively
small 1n size so that 1t can be easily attached to 1tems, such as
keys, wallets, remote controls, children, etc. To provide a
reduced si1ze, a wireless tracking device 1135, can be designed
to include fewer and smaller components than traditional
computing devices. For example, a wireless tracking device
115, can be designed to exclude many or all components that
are not necessary to facilitate the desired functionality of the
wireless tracking device 115, (e.g., using wireless communi-
cation signals to communicate with other computing
devices).

A client device 105, can by any type of computing device
configured to transmit and recerve wireless communication
signals, such as desktop computers; mobile computers;
mobile communications devices (e.g. mobile phones, smart
phones, tablets, etc.); smart televisions; set-top boxes, eftc.
Client devices 105 can be of varying type, capabilities, oper-
ating systems, efc.

Client devices 105 can be configured to communicate with
one or more of wireless tracking devices 115 via wireless
communication. For example, a user can pair a client device
103, to one or more of wireless tracking devices 115 to receive
wireless communication signals from the paired wireless
tracking devices 115. Alternatively, a client device 105, can
receive wireless communication signals from all wireless
tracking devices 115 within range of client device 10S.. Like-
wise, a client device 105, can transmit wireless communica-
tion signals to one or more of wireless tracking devices 115.

A wireless commumnication signal can be a signal transmit-
ted from one computing device that can be recerved by
another computing device. For example, a wireless commu-
nication signal can be a wireless signal transmitted from an
antenna of a transmitting computing device which can be
received by an antenna of a recerving computing device that 1s
within range to receive the wireless communication signal.

A wireless communication signal can be a signal sent using
a wireless technology standard such as Bluetooth®. Further,
a wireless communication signal can include metadata 1den-
tifying the transmitting computing device. For example, a
wireless communication signal can include a unique device
identifier that identifies the transmitting computing device.

In some embodiments, wireless tracking devices 115 can
be configured to continuously or repeatedly transmit or
broadcast wireless communication signals which can be
received by client devices 105 within range to receive the
wireless communication signal. Further, client devices 105
can transmit a wireless communication signal to a wireless
tracking device 115, prompting the wireless tracking device
115, to transmit a response wireless communication signal.

Client devices 103 can be configured to generate and store
signal readings gathered from one or more of wireless track-
ing devices 115. A signal reading can be a data record describ-
ing a wireless communication signal recerved from a wireless
tracking device 115,. For example, a signal reading can
include a device identifier identifying the wireless tracking
device 115, from which the wireless communication signal
was recetved, a signal strength value indicating a measure-
ment of the power present in the received wireless commu-
nication signal, a geographic coordinate 1dentifying the loca-
tion of the client device 1035, that received the wireless
communication signal and a timestamp value 1indicating the
time at which the client device 105, received the wireless
communication signal. A signal reading can also include any
other data gathered from any number of components of the
client device 105, such as data gathered from a compass
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component, accelerometer, battery, etc. Client devices 105
can store signal readings 1n local memory and/or with track-
ing management system 120.

Tracking management system 120 can be a system com-
prising ol one or more computing devices that are configured
to manage wireless tracking devices 115 for multiple user
accounts. Tracking management system 120 can support con-
nections from a variety of different types of client devices
105, such as desktop computers; mobile computers; mobile
communications devices (e.g. mobile phones, smart phones,
tablets, etc.); smart televisions; set-top boxes; and/or any
other network enabled computing devices. For example,
tracking management system 120 can be accessible to a client
device 105, connected to communication network 110 by
direct and/or indirect communication. Furthermore, tracking
management system 120 can concurrently accept connec-
tions from and interact with multiple client devices 105.

Tracking management system 120 can receive signal read-
ings from a plurality of client devices 105 and store the signal
reading 1n signal reading storage 160. Signal reading storage
160 can be a storage device, multiple storage devices, or a
server. Alternatively, signal reading storage 160 can be a
cloud storage provider or network storage accessible via one
or more communications networks. Tracking management
system 120 can store the signal readings in a network acces-
sible storage (SAN) device, 1n a redundant array of mnexpen-
stve disks (RAID), etc. Signal reading storage 160 can store
signal readings using one or more partition types, such as
FAT, FAT32, NTFS, EXT2, EX'T3, EXT4, ReiserFS, BTRFS,
and so forth.

To facilitate the various tracking management services, a
user can create a user account with tracking management
system 120. The account information for each created user
account can be maintained 1n user account storage 1350. User
account storage 150 can store account information for each
user account, including a unique account 1dentifier 1dentify-
ing the user account, personal information, username, pass-
word, email address, home address, credit card information,
banking information, etc. Account information can also
include tracking management information, such as device
identifiers 1dentifying client device 105 and wireless tracking
devices 113 associated with the user account, security set-
tings, personal configuration settings, etc.

A user account can be used to manage wireless communi-
cation devices 115. For example, tracking management sys-
tem 1035 can enable a user to add wireless tracking devices
115 to their user account. To add a wireless tracking device
115, to a user account, tracking management system 105 can
add a device identifier i1dentitying the wireless tracking
device 115, to the user account.

Si1gnal reading storage 160 can also store metadata describ-
ing signal readings and the relationship of the signal readings
to various user accounts. The metadata for a signal reading
can be stored as part of the signal reading or can be stored
separately.

Tracking management system 120 can include account
management module 125 configured to manage and access
cach user account. For example, account management mod-
ule 125 can be configured to communicate with user account
database 150 and signal reading storage 160 to adjust privi-
leges and otherwise manage the user accounts and corre-
sponding signal readings.

Further, account management module 125 can manage
signal readings for wireless tracking devices 115 associated
with the user accounts. For example, account management
module 125 can provide a client device 105, authorized to
access a user account with signal readings gathered from
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wireless tracking devices 115 associated with the user
account. Account management module 125 can use the
account identifiers assigned to the user account to 1dentily
corresponding signal readings 1n signal reading storage 160.
Account management module 125 can then provide some or
all of the 1dentified signal readings to the client device 105..

FI1G. 2 shows an embodiment of a client device configured
to track wireless communication devices. FIG. 2 1s described
in view of the system shown 1n FIG. 1. As shown, client side
application 205 can be installed on client device 105.. Client
side application 205 can be an application configured to
enable client device 105, to track one or more wireless track-
ing devices 115. Client side application 203 can be a tracking
specific application, such as a stand-alone application, one or
more application plug-ins, and/or a browser extension con-
figured to track wireless communication devices 113. Client
side application 205 can also be a third-party application,
such as a web browser, that resides on client device 115, and
1s configured to communicate with tracking management sys-
tem 120. In either case, client-side application 205 can
present a user mtertace (Ul) for the user to track the location
of one or more wireless communication devices 115. Further,
client device 105, can include data storage 250 configured to
maintain data utilized by client side application 205.

Client side application 2035 can include tracking device
management module 210 configured to enable a user to man-
age one or more wireless tracking devices 115.. For example,
tracking device management module 210 can present a user
with a tracking device management interface that enables a
user to perform multiple functions, such as adding and
removing wireless tracking devices to the user’s account,
modily settings, etc.

In some embodiments, tracking device management mod-
ule 210 can enable a user to add wireless tracking devices 115
to the user’s account. Wireless tracking devices 115 added to
the user’s account can be tracked for the user. This can
include, generating and storing wireless signal readings gath-
ered from the added wireless tracking devices 115 as well as
determining and presenting an estimated location of the wire-
less tracking devices.

To enable a user to add a wireless tracking device 105, to
the user’s account, tracking device management module 210
can present the user with data identitying wireless tracking
devices 115 that are detected by client device 105, and that are
cligible to be tracked. For example, tracking device manage-
ment module 210 can retrieve device 1dentifiers from wireless
communication signals received by client device 105, and
present the wireless 1dentifiers to the user. Tracking device
management module 210 can also present the user with user
interface elements, such as buttons, enabling the user to select
to add one or more of the presented wireless communication
devices 105 to the user’s account.

In some embodiments, tracking device management mod-
ule 210 can present all detected wireless tracking devices 105
as being eligible to be added to the user’s account. Alterna-
tively, in some embodiments, tracking device management
module 210 can present only wireless tracking devices 115
transmitting a wireless communication signal indicating that
the wireless tracking device 115, 1s eligible to be added to the
user’s account. For example, a wireless tracking device 105,
can include an mput device, such as a physical button, nob,
lever, etc., that, when actuated, causes the wireless tracking
device 115, to transmit a wireless communication signal indi-
cating that the wireless tracking device 115, 1s eligible to be
added to the user’s account.

In some embodiments, tracking device management mod-
ule 210 can present only wireless tracking devices 1135 within
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a specified distance of client device 105,. Tracking device
selection module 210 can determine the distance of a wireless
tracking device 115, based on the signal strength value of a
wireless communication signal received from the wireless
tracking device 118..

Upon recerving a user input selecting one or more of the
available wireless tracking devices, tracking device manage-
ment module 210 can add the identified wireless tracking
devices 115 to the user’s account. For example, tracking
device management module 210 can provide the device 1den-
tifier to tracking management system 120 to be added to the
user’s account. Further, tracking device management module
210 can record the device identifier of the selected wireless
tracking device 1n data storage 250, thereby indicating that
the corresponding wireless tracking device 115, has been
added to the user’s account.

Client-side application 205 can further include signal read-
ing generation module 215 configured to generate signal
readings. A signal reading can be a data record describing a
wireless communication signal received from a wireless
tracking device 115,. For example, a signal reading can
include a device i1dentifier identitying the wireless tracking
device 115, from which the wireless communication signal
was recetved, a signal strength value indicating a measure-
ment of the power present 1n the recerved wireless commu-
nication signal when 1t was recetved by client device 105, a
geographic coordinate identifying the location of client
device 105, when the wireless communication signal was
received and a timestamp value indicating the time at which
client device 105, recerved the wireless communication sig-
nal.

To generate a signal reading, signal reading generation
module 215 can be configured to communicate with multiple
components of client device 105, to gather the necessary data.
For example signal reading generation module 215 can gather
the device 1dentifier and a signal strength value for a received
wireless communication signal from the received wireless
communication signal. Signal reading generation module
215 can also gather the time when the wireless communica-
tion signal was recerved and the geographic coordinates of
client device 105, when the wireless communication signal
was recerved. Signal reading module 203 can gather the geo-
graphic coordinates of client device 105, from a Geographic
Positioning System (GPS) component of client device 105
and the time from an internal clock of client device 105.

A signal reading can also include data gathered from an
accelerometer or compass component of the client device
105,. For example, data gathered from a compass and accel-
crometer can provide a direction in which client device 105, 1s
facing/moving and be used to derive the relative direction of
a wireless tracking device 115, from client device 105..

Si1gnal reading generation module 215 can use the gathered
data to generate a signal readings describing the wireless
communication signals. Signal reading generation module
215 can store the generated signal readings in data storage
2350. Further, signal reading generation module 215 can trans-
mit the generated signal readings to tracking management
system 120, where they can be stored in signal reading stor-
age 160. In some embodiments, a signal reading can be stored
on a wireless tracking device 115,. For example, a client
device 105, can transmit the signal readings to the wireless
tracking device 1135, for storing. Alternatively, a wireless
tracking device 115, can generate signal readings from wire-
less communication signals received from other wireless
tracking device 115 and/or client devices 105 and store the
signal readings, as well as provide them to other computing
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devices (e.g., client devices 105, wireless tracking devices
115 and/or tracking management system 120).

In some embodiments, a user’s client device 105, can be
configured to track only wireless tracking devices 1135
assigned to the user’s account. For example, signal reading
generation module 2135 can generate signal readings gathered
from wireless tracking devices 115 that are associated with a
user account authorized on the client device 105,. Signal
reading generation module 215 can gather device identifiers
identifying the wireless tracking devices 1135 associated with
the user account from data storage 250 and/or tracking man-
agement system 120 and use the device 1dentifiers to deter-
mine the wireless tracking devices 115 associated with the
user’s account. Signal reading generation module 215 can
then generate signal readings gathered from the identified
wireless tracking devices 115.

In some embodiments, a user’s client device 105, can be
configured to track wireless tracking devices 113 that are not
assigned to the user’s account as well as wireless tracking
devices 115 that are assigned to the user’s account. For
example, signal reading generation module 2135 can generate
a signal reading for a wireless communication signal gathered
trom a wireless tracking device 115, regardless of whether or
not the wireless tracking device 115, 1s associated with the
user’s account. As a result, a greater number of signal read-
ings can be gathered from each wireless tracking device 115.

In some embodiments, signal reading generation module
215 can generate signal readings for wireless communication
signals recerved from any wireless tracking devices 115 1n
communication with client device 105..

Alternatively, 1n some embodiments, signal reading gen-
eration module 215 can generate signal readings for only
wireless communication signals recerved from predeter-
mined types of wireless tracking devices 1135 and/or wireless
tracking devices 115 associated with a specified manufac-
turer. For example, signal reading generation module 215 can
generate signal readings for only wireless tracking devices
115 associated with the manufacturer that maintains and/or
provides tracking management system 120. Hence, signal
reading generation module 215 will not generate signal read-
ings for wireless communication signals received from wire-
less tracking devices 115 that are not of the predetermined
type and/or associated with the specified manufacturer.

In some embodiments, signal reading generation module
215 can determine the type and/or manufacturer of a wireless
tracking device 115, from a wireless communication signal
recetved from the wireless tracking device 115.. For example,
a wireless communication signal can include an identifier
identifying the type and/or manufacturer of a wireless track-
ing device 115, that transmitted the wireless communication
signal. Alternatively, the type and/or manufacturer of a wire-
less tracking device 115, can be determined from the device
identifier 1dentifying the wireless tracking device 115,. For
example, certain types of wireless tracking devices 115 and/
or wireless tracking devices 115 from a specified manufac-
turer can be assigned device identifiers that identily the speci-
fied type and/or manufacturer.

In some embodiments, signal reading generation module
215 can generate signal readings according to user specified
preferences. For example, a user can select to have the client
device 1035, only generate signal readings gathered from wire-
less tracking devices 113 associated with the user’s account
or, alternatively, from wireless tracking devices 115 associ-
ated with the user’s account and/or not associated with the
user’s account.

In some embodiments, signal reading generation module
215 can be configured to store each generated signal readings
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in data storage 250 as well as transmit the signal readings to
tracking management system 120 for storage. Alternatively,
signal reading generation module 215 can be configured to
only locally store in data storage 250, signal readings gath-
ered from wireless communication devices 1135 that are asso-
ciated with the user’s account, and store signal readings gath-
ered from both wireless tracking devices 115 that are
associated with the user’s account and wireless tracking
devices 115 that are not associated with the user’s account on
tracking management system 120. Hence, 1n this type of
embodiment, signal readings gathered from wireless tracking
devices 115 that are not associated with the user’s account
will not be stored locally on client device 105..

In some embodiments, signal reading generation module
215 can generate a signal reading according to a specified
schedule. For example, signal reading generation module 215
can generate signal readings according to a time based sched-
ule such as every 10 seconds, 30 seconds, 1 minute, 3 minutes,
etc. The frequency at which signal reading generation module
215 generates signal readings can be set by a user and/or
predetermined by developers of client-side application 203.

In some embodiments, signal reading generation module
215 can vary the frequency at which signal readings are
generated based on one or more factors, such as remaining
battery life for client device 103,. For example, signal reading
generation module 215 can reduce the frequency at which
signal reading are generated when battery life 1s below a
predetermined threshold.

In some embodiments, signal reading generation module
215 can vary the frequency at which signal readings are
generated based on time of day. For example, signal reading
generation module 215 can generate signal readings more
frequently during daytime hours when items are more likely
to be moved. Likewise, signal reading generation module 2135
can generate signal readings at a less frequent rate during
night hours when people are often sleeping.

In some embodiments, signal reading generation module
215 can generate signal readings based on a determined
change 1n signal strength value. For example, signal reading
generation module can determine whether a difference
between a signal strength value of a wireless communication
signal and a previous signal reading gathered from the wire-
less tracking device 115, 1s greater than a predetermined
threshold value. I signal reading generation module 215
determines that the change meets or exceeds the threshold
value, signal reading generation module 215 can generate a
signal reading describing the wireless communication signal.
Alternatively, 1f signal reading generation module 215 deter-
mines that the change does not meet or exceeds the threshold
value, signal reading generation module 215 will not generate
a signal reading, thereby reducing generation of duplicate
signal readings.

In some embodiments, signal reading generation module
215 can generate signal readings based on a determined loca-
tion change of client device 105.. For example, signal reading
generation module 215 can generate a signal reading upon a
determination that the geographic location of client device
105, has changed beyond a threshold value. This can be based
off of GPS data gathered from a GPS component of client
device 105, and/or data gathered from n accelerometer of
clientdevice 105,. As a result, signal reading generation mod-
ule 215 will generate new signal readings when client device
105, moves to a new location.

Conversely, signal reading generation module 215 can
forego generating a signal reading 11 the geographic location
of client device 105, has not changed beyond a threshold value
from the geographic location associated with the previous
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signal reading. This can reduce generation of duplicate signal
readings. Wireless tracking devices 115 can provide data to
cach other regarding their signal strength in relation to each
other and only send out a trigger or notification that the values

are different or have changed. Thus, indicating movement of 5

one or more of the devices. This data can be shared with the
client device or the cloud directly through a mmimum of 1
device acting as a hub or a “master-unit™

Client device 105, can further include location determina-
tion module 220 configured to determine an estimated loca-
tion ol a wireless tracking device 1135, and provide the user
with the estimated location of the wireless tracking device
115,. For example, location determination module 220 can
present the user with a tracking interface that enables the user
to view the estimated location of a wireless tracking device
115,. For example, the tracking interface can present a map
and the estimated location of one or more wireless tracking
devices 115 on the map. Alternatively, the tracking interface
can present directional indicators, such as arrows, 1dentifying
the direction of one or more wireless tracking devices 115.
The tracking interface can also present the user with an esti-
mated distance of each of the wireless tracking devices 115 in
the corresponding identified direction, thereby providing an
estimated location of the wireless tracking devices 115.

Location determination module 220 can determine the esti-
mated location of a wireless tracking device 115, based on
signal readings describing wireless communication signals
recetved from the wireless tracking device 115, Location
determination module 220 can gather the signal readings
from data storage 250 and/or tracking management system
120. For example, location determination module 220 can use
the device 1dentifier for a wireless tracking device 115, to
identily signal readings gathered from the wireless tracking
device 115, 1n data storage 250. Likewise, location determi-
nation module 220 can transmit the device identifier for the
wireless tracking device 1135, to tracking management system
120, which can be used by tracking management system 120
to 1dentily signal readings gathered from wireless tracking
device 115..

The signal readings gathered by location determination
module 220 can describe wireless communication signals
received by one or more client devices 105 from the wireless
tracking device 115, and wireless communication signals
received at different times.

In some embodiments, location determination module 220
can gather all signal reading describing wireless communi-
cation signals received from the wireless tracking device
115,

Alternatively, 1n some embodiments, location determina-
tion module 220 can gather a subset of the signal reading
describing wireless communication signals recerved from the
wireless tracking device 115,. For example, location determi-
nation module 220 can gather a subset of the reading signals
based on the timestamp value associated with the signal read-
ings. For instance, location determination module 220 can
gather a subset of the signal reading with the most recent
timestamp value (e.g., the 100 most recent signal readings).
Alternatively, location determination module 220 can gather
only signal readings with a timestamp value that meets or
exceeds a predetermined threshold timestamp value. Thus,
signal readings with a timestamp value prior to the predeter-
mined threshold timestamp value will not be gathered.

Location determination module 220 can use the signal
readings to determine the estimated location of the wireless
tracking device 115,. In some embodiments, location deter-
mination module 220 can use the signal readings to triangu-
late the estimated location of the wireless tracking device
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115.. Location determination module 220 can use the signal
strength value and geographic coordinate value from a signal
reading to determine an estimated distance of the wireless
tracking devices 115, from the geographic coordinate where
the wireless communication signal was recerved. Repeating
this process for three separate signal readings can result in
three separate radiuses describing the estimated distance of
the wireless tracking device 115, from three separate geo-
graphic locations, which can be used to triangulate the esti-
mated location of the wireless tracking device 115,. For
example, location determination module can determine the
geographic location where the three radiuses intersect and/or
nearly intersect, which can be the estimated location of the
wireless tracking device 118..

Alternatively, location determination module 220 can use
the signal readings to determine the direction of the wireless
tracking device 115, 1n relation to client device 105, as well as
the distance of the wireless tracking device 115, from the
client device 105,. Location determination module 220 can
use the signal strength values and geographic coordinate val-
ues from one or more signal readings and a current geo-
graphic location of client device 105, to determine the direc-
tion of the wireless tracking device 115, 1n relation to client
device 105,. For example, location determination module 220
can 1dentily a signal reading with the highest signal strength
value and then use the geographic coordinates of the 1denti-
fied signal reading in relation to the current geographic loca-
tion of client device 105, to estimate the direction of the
wireless tracking device 115, 1n relation to client device 105,
Further, location determination module 220 can use a signal
strength value from a signal reading received at a geographic
location similar to or the same as the current geographic
location of wireless tracking device 105, to determine the
estimated distance of the wireless tracking device 115, from
client device 105,.

To determine the estimated location of a wireless tracking
device 115, location determination module 220 can select
one or more of the gathered signal readings that 1s determined
to provide the most accurate, beneficial, reliable, etc., data for
determining the estimated location of the wireless tracking
device 115,. In some embodiments, location determination
module 220 can select one or more of the gathered signal
readings based on the timestamp values of the signal read-
ings. For example, location determination module 220 can
select one or more of the signal readings with the latest times
tamp value (e.g., the most recent signal readings).

In some embodiments, location determination module 220
can select signal readings based on the geographic coordi-
nates of the signal readings. For example, when calculating
the estimated location of a wireless tracking device 115,, 1t
may be desirable to have signal readings describing wireless
communication signal received at varying geographic loca-
tions rather than signal readings describing wireless commu-
nication signals gathered within a close proximity of each
other. Accordingly, location determination module 220 can
select signal readings to provide data gathered from a variety
of geographic locations. For example, location determination
module 220 can select signal readings with geographic coor-
dinates that are at least a specified threshold distance apart
from each other. As a result, location determination module
220 will not select multiple signal readings within close prox-
imity ol each other.

As another example, location determination module 220
can be configured to select at least one signal reading from
specified geographic regions in relation to client device 105..
This can provide a signal readings from a variety of locations
surrounding client device 105..
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In some embodiments, location determination module 220
can select signal readings based on the signal strength values
of the signal readings. For example, location determination
module 220 can select signal readings with the strongest
signal strength values. Alternatively, location determination
module 220 can select signal readings to provide a variety of
different signal strength values. For example, location deter-
mination module 220 can select signal readings that have a
difference 1n signal strength value that meets or exceeds a
predetermined threshold difference. Alternatively, location
determination module 220 can select at least one signal read-
ing with a signal strength value within each of a set of prede-
termined signal strength value ranges.

These are just a few examples of how location determina-
tion module 220 can select signal readings to determine the
estimated location of a wireless tracking device 115, and are
not meant to be limiting. It will be appreciated that location
determination module 220 can be configured to select signal
readings based on any number or combination of factors.

In some embodiments, location determination module 220
can be configured to rank the gathered signal readings and
select signal readings based on the ranking. For example,
location determination module 220 can rank the signal read-
ings based on any number of factors, such as timestamp value,
signal strength value, geographic coordinate, etc. Location
determination module 220 can select signal readings that are
ranked the highest and/or ranked the highest amongst a cer-
tain category of signal readings.

In some embodiments, the estimated location of a wireless
tracking device 115, can be determined by tracking manage-
ment system 120 rather than by client device 105, For
example, tracking management system 120 can include loca-
tion determination module 130 configured to determine the
estimated location of a wireless tracking device 113, and
provide the estimated location to client device 105, For
example, client side application 205 can communicate with
tracking management system 120 to request the estimated
location of a target wireless tracking device 115,. The request
can include one or more device i1dentifiers 1dentifying the
wireless tracking devices 115. Alternatively, the request can
be arequest for the estimated location of all wireless tracking,
devices associated with the user’s account.

In response, location determination module 130 can gather
signal readings describing wireless communication signals
received from the target wireless tracking device(s) 115.
Location determination module 1309 can gather the signal
readings from signal reading storage 160 and/or from one or
more of client devices 1035. Location determination module
130 can then use the gathered signal readings to determine the
estimated location of the wireless tracking devices 115.

FI1G. 3 shows a method of a client device 105, determining,
the estimated location of a target wireless tracking device
115,. The method shown 1n FIG. 3 1s described in view of the
systems shown 1n FIG. 1 and FIG. 2. Although specific steps
are shown 1n FIG. 3, in other embodiments the method may
have more or less steps. Further, the order in which the steps
are performed 1s just one possible embodiment and 1s not
meant to be limiting. The method may be performed 1n a
variety of differing orders, including one or more steps being
performed simultaneously, and/or including more or less
steps than those shown 1n FIG. 3.

As shown, the method begins at block 305 where client side
application 205 receives a user input requesting the location
ol a target wireless tracking device 115.. Client side applica-
tion 205 can provide a user of client device 105, with a
tracking interface that enables the user to view wireless track-
ing devices 1135 that are assigned to the user’s account and
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view the estimated location of one of more of the wireless
tracking devices 115. A user can use the tracking interface to
provide an input requesting the location of the target wireless
tracking device 115..

At block 310, location determination module 220 gathers
signal readings from local data storage, such as data storage
250. For example, location determination module 220 can use
the device identifier for the target wireless tracking device
115, to i1dentily signal readings in data storage 250 that
describe wireless communication signals received from the
target wireless tracking device 115..

At block 315, location determination module 220 can
request signal readings from tracking management system
120. Tracking management system 120 can maintain signal
readings gathered from multiple client devices 105 and there-
fore may have signal readings describing signal readings
gathered from the target wireless tracking device 115, that
were not generated by client device 103, and therefore not
available 1n data storage 250. The request transmitted to
tracking management system 120 can include the device
identifier for target wireless tracking device 105..

At block 320, client side application 205 can recerve signal
readings from tracking management system 120, 11 any were
found. For example, tracking management system 120 can
return signal readings describing wireless communication
signals recerved from the target wireless tracking device 105,
that were not generated by client device 105, and/or not avail-
able to client device 105, from data storage 2350.

At block 325, location determination module 220 can
select signal readings for determining the estimated location
of the target wireless tracking device 115,. For example,
location determination module 220 can select signal reading
that are determined to provide the most accurate, beneficial,
reliable, etc., data for determining the estimated location of
the target wireless communication device 1135,. Location
determination module 220 can select the signal readings
based on one or more factors, such as the timestamp values,
geographic coordinates and/or signal strength values of the
signal readings.

At block 330, location determination module 220 can
determine the estimated location of the target wireless track-
ing device 115, from the selected signal readings. For
example, location determination module 220 can use geo-
graphic coordinates and signal strength values of the selected
signal readings to triangulate the estimated location of the
target wireless tracking device 115,. Alternatively, location
determination module 220 can use geographic coordinates
and signal strength values of the selected signal readings to
determine a direction and distance of the target wireless track-
ing device 1n relation to client device 105..

At block 335, location determination module 220 can
present the estimated location of the target wireless tracking,
device 115.. For example, location determination module 220
can present the user with a tracking interface that enables the
user to view the estimated location of the target wireless
tracking device 115,. For example, the tracking interface can
present a map and the estimated location of the target wireless
tracking device 115, on the map. Alternatively, the tracking
interface can present a directional indicator, such as an arrow,

identifying the direction of the target wireless tracking
devices 115,. It should be noted that the estimated location of

the target wireless tracking device 115, can be refreshed as 1t
1s being presented to the user. For example, client device 105
can gather new signal readings and determine an updated
estimated location of the target wireless tracking device 1135,
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Accordingly, location module 220 can present the updated
estimated location of the wireless tracking device 115, to the
user.

FIG. 4 shows a method of a tracking management system
determining the estimated location of a target wireless track-
ing device. The method shown in FIG. 4 1s described 1in view
of the systems shown 1n FIG. 1 and FIG. 2. Although specific
steps are shown 1n FIG. 4, in other embodiments the method
may have more or less steps. Further, the order in which the
steps are performed 1s just one possible embodiment and 1s
not meant to be limiting. The method may be performed 1n a
variety of differing orders, including one or more steps being,
performed simultaneously, and/or including more or less
steps than those shown in FIG. 4.

As shown, the method begins at block 405 where tracking
management system 120 receives a request for the estimated
location of a target wireless tracking device 115,. The request
can be received from a client device 105, 1n network commu-
nication with tracking management system 105,. Further, the
request can include a device 1dentifier for the target wireless
tracking device 115..

At block, location determination module 130 can gather
signal readings from signal reading storage 160. For example,
location determination module 130 can use the device 1den-
tifier to 1dentity signal readings describing wireless commu-
nication signals describing receirved from the target wireless
tracking device 115,. The signal readings can include signal
readings generated by and received from multiple client
devices 105 and at different times.

At block 415, location determination module 130 can
select signal readings for determining the estimated location
of the target wireless tracking device 115,. For example,
location determination module 130 can select signal reading
that are determined to provide the most accurate, beneficial,
reliable, etc., data for determiming the estimated location of
the target wireless communication device 115, Location
determination module 130 can select the signal readings
based on one or more factors, such as the timestamp values,
geographic coordinates and/or signal strength values of the
signal readings.

At block 420, location determination module 130 can
determine the estimated location of the target wireless track-
ing device 115, from the selected signal readings. For
example, location determination module 130 can use geo-
graphic coordinates and signal strength values of the selected
signal readings to triangulate the estimated location of the
target wireless tracking device 1135.. Alternatively, location
determination module 130 can use geographic coordinates
and signal strength values of the selected signal readings to
determine a direction and distance of the target wireless track-
ing device 1n relation to client device 105..

At block 425, location determination module 130 can
return the estimated location of the target wireless tracking,
device 113, 1n response to the request. For example, location
determination module 130 can transmit data identifying the
estimated location of the target wireless tracking device 115,
to the client device 105, from which the request was recerved.
The client device 105, can use the date to present the user with
the estimated location of the target wireless tracking device
115,

FIGS. 5A-5C show screenshots of a tracking device man-
agement 1nterface for adding a wireless tracking device to a
user account. As shown in FIG. 5A, the tracking device man-
agement interface 500 prompts a user to press and hold a
button on a wireless tracking device to add the wireless track-
ing device to the user’s account. Pressing the button can cause
the wireless tracking device to transmit a wireless communi-

10

15

20

25

30

35

40

45

50

55

60

65

16

cation signal indicating that the wireless tracking device 1s
cligible to be added to a user account. The tracking device
management intertace 500 can further include a user interface
element 505 that, when selected, can cause the client device to
search for eligible wireless tracking devices to add to the
user’s account. For example, a user can select user the user
interface element after pressing the button on their wireless
tracking device.

FIG. 5B shows the tracking device management interface
500 as aresult of the user selecting user interface element 505.
As shown, the tracking device management interface 500
indicates that the wireless tracking device has been detected.
The detected wireless tracking device can then be added to the
user’s account.

FIG. 5C shows the tracking device management interface
500 after the wireless tracking device has been successiully
added to the user’s account. As shown, the user 1s presented
with a message confirming that the wireless tracking device
has been added to the user’s account.

FIGS. 6 A and 6B show screenshots of a tracking interface.
As shown 1n FIG. 6 A, tracking interface 600 can present the
user with visual indicators of the wireless tracking devices
added to the user’s account. For example, tracking interface
600 includes visual indicator 605 and visual indicator 610,
cach representing a wireless tracking device assigned to the
user’s account. Further, visual indicator 605 and visual 1indi-
cator 610 can be selectable to enable a user to select to view
the estimated location of the wireless tracking device corre-
sponding to the visual indicator.

FIG. 6B shows a screenshot of tracking interface 600 as a
result of a user selecting one of visual indicator 605 or visual
indicator 610 to view of the estimated location of the corre-
sponding wireless tracking device. As shown, the tracking
interface 600 presents the user with a map and includes loca-
tion indicator 615. Location indicator 615 represents the esti-
mated location of the wireless tracking device.

FIGS. 7A-TH show a wireless tracking device. As shown in
FIG. 7A, wireless tracking device 700 can be designed to be
a small sitmple device to facilitate attaching the wireless track-
ing device 700 to 1items for tracking. Wireless tracking device
700 can include opening 705 to facilitate attaching wireless
tracking device 700 to items.

FIG. 7B shows an exploded view of wireless tracking
device 700. As shown, internal components 710 can be pro-
tected by top casing 715 and bottom casing 720. Internal
components 710 can include a combination of electrical com-
ponents necessary to facilitate the desired functionality of
wireless tracking device 700. For example, internal compo-
nents 710 can include a PC board, processor, input and output
components, antenna, battery, etc. An input component can
include a pressure sensitive component, such as a switch
attached to a PC board, which can be actuated to perform one
or more functions. As shown, bottom casing 720 can include
button 725 configured to enable a user of wireless tracking
device 700 to actuate the pressure sensitive component. An
output component can be a speaker and/or mtegrated buzzer
that can cause wireless tracking device 700 to perform an
audible sound, vibrate and/or buzz to alert a user. As shown,
bottom casing 720 can include sound holes 720 that enable
sound to project from wireless tracking device 700. While
button 725 and sound holes 730 are shown as part of bottom
casing 720, this 1s just one example and 1s not meant to be
limiting. One skilled 1n the art that would readily recognize
wireless tracking device 700 can be configured 1mn multiple
ways and button 725 and sound holes 730 can be incorporate
into top casing 713, bottom casing 720 or a combination of
the two.
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Top casing 715 and bottom casing 720 can create a water-
proof seal around internal components 710, thereby protect-
ing internal components 710 from potential water damage.
Further, top casing 715 and bottom casing 720 can be covered
in a waterproof material, such as rubber.

Bottom casing 720 can include opening 735 which can
allow a battery to be inserted and removed from wireless
tracking device 700. Covering 740 can be used to seal open-
ing 735.

FIG. 7C shows a cross section view of wireless tracking
device 700. As show, internal components 710 are encapsu-
lated by top casing 715 and bottom casing 720. In some
embodiments, wireless tracking device 700 can be designed
to be water-tight to avoid internal components 710 from com-
ing in contact with liquid, which could potentially damage
and/or interfere with performance of internal components
710.

One interface where moisture can potentially intrude on
internal components 710 1s along the perimeter of wireless
tracking device 710 between top casing 7135 and bottom cas-
ing 720. FIG. 7D shows a cross section view of the perimeter
of wireless tracking device 700. As shown, wireless tracking
device 700 can be sealed along the perimeter by rigid ultra-
sonic weld 745 that seals tops top casing 715 to bottom casing
720. Rigid ultrasonic weld 745 can span the entire perimeter
of wireless tracking device 700 to create a seal that prevents
moisture from entering wireless tracking device 700 and
potentially coming into contact with internal components
710.

As a second line of defense against moisture intrusion,
wireless tracking device 700 can include perimeter gasket
750. Perimeter gasket 750 can be an elastomeric gasket that
sits 1nboard of rigid ultrasonic weld 743 to prevent moisture
intrusion should a portion of rigid ultrasonic weld 745 fail.
Perimeter gasket 750 can be elastomeric gasket that spans the
entire perimeter of wireless tracking device 700 to create a
second seal between top casing 7135 and bottom casing 720.
Perimeter gasket 750 can be constructed by over-molding the
geometry to bottom casing 720. The over-molding process
can allow the interface between perimeter gasket 750 and
bottom casing 720 to be hermetic, while also closely control-
ling the geometry and 1nterface between top casing 715 and
bottom casing 720.

A second 1ntertace where moisture can potentially intrude
on 1internal components 710 1s along the perlmeter of opening
735 between bottom casmg 720 and covering 740. FIG. 7E
shows a cross section view ol wireless tracking device 700
along the perimeter of opening 735. As shown, wireless track-
ing device 700 can include gasket 755 that spans the entire
perimeter of opening 735 to create a seal between bottom
casing 720 and covering 740. gasket 755 can be any type of
mechanical gasket capable of creating a waterproof seal, such
as an O-ring, packing or toric joint.

A third interface where moisture can potentially intrude on
internal components 710 1s along the perimeter of button 725.
FIG. 7F shows a cross section view of button 725. Button 725
can be over-molded to bottom casing 720, thereby creating a
waterproof seal between button 725 and bottom casing 720
and simplifying the design of wireless tracking device 700.

A fourth interface where moisture can potentially intrude
on internal components 710 1s at sound holes 730. FIG. 7G
shows sound holes 730 on the exterior of bottom casing 720.
FIG. 7H shows sound holes 730 from the interior of exterior
casing 720. To prevent moisture from entering wireless track-
ing device 700 through sound holes 730, wireless tracking
device 700 can include membrane seal 760 that 1s attached to
the mterior of bottom casing 720 and covers sound holes 730
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to create a seal between sound hole 730 and interior compo-
nents 710. Membrane seal 760 can be made of any type of
waterprool membrane capable of creating an adequate seal to
prevent moisture from entering wireless tracking device 700,
while allowing sound to escape, such as Gore-Tex®.

FIG. 8A, and FIG. 8B show possible system embodiments.
The more appropriate embodiment will be apparent to those
of ordinary skill in the art when practicing the present tech-
nology. Persons of ordinary skill in the art will also readily
appreciate that other system embodiments are possible.

FIG. 8A 1llustrates a conventional system bus computing,
system architecture 800 wherein the components of the sys-
tem are 1n electrical communication with each other using a
bus 805. Exemplary system 800 includes a processing unit
(CPU or processor) 810 and a system bus 805 that couples
various system components including the system memory
815, such as read only memory (ROM) 820 and random
access memory (RAM) 825, to the processor 810. The system
800 can include a cache of high-speed memory connected
directly with, 1n close proximaity to, or integrated as part of the
processor 810. The system 800 can copy data from the
memory 815 and/or the storage device 830 to the cache 812
for quick access by the processor 810. In this way, the cache
can provide a performance boost that avoids processor 810
delays while waiting for data. These and other modules can
control or be configured to control the processor 810 to per-
form various actions. Other system memory 815 may be
available for use as well. The memory 813 can include mul-
tiple different types of memory with different performance
characteristics. The processor 810 can include any general
purpose processor and a hardware module or software mod-
ule, such as module 1 832, module 2 834, and module 3 836
stored 1n storage device 830, configured to control the pro-
cessor 810 as well as a special-purpose processor where sofit-
ware structions are mcorporated into the actual processor
design. The processor 810 may essentially be a completely
self-contained computing system, containing multiple cores
Or processors, a bus, memory controller, cache, etc. A multi-
core processor may be symmetric or asymmetric.

To enable user interaction with the computing device 800,
an input device 845 can represent any number of input mecha-
nisms, such as a microphone for speech, a touch-sensitive
screen for gesture or graphical input, keyboard, mouse,
motion mput, speech and so forth. An output device 835 can
also be one or more of anumber of output mechanisms known
to those of skill in the art. In some 1nstances, multimodal
systems can enable a user to provide multiple types of input to
communicate with the computing device 800. The commu-
nications intertace 840 can generally govern and manage the
user input and system output. There 1s no restriction on oper-
ating on any particular hardware arrangement and therefore
the basic features here may easily be substituted for improved
hardware or firmware arrangements as they are developed.

Storage device 830 1s a non-volatile memory and can be a
hard disk or other types of computer readable media which
can store data that are accessible by a computer, such as
magnetic cassettes, flash memory cards, solid state memory
devices, digital versatile disks, cartridges, random access
memories (RAMs) 825, read only memory (ROM) 820, and
hybrids thereof.

The storage device 830 can include software modules 832,
834, 836 for controlling the processor 810. Other hardware or
soltware modules are contemplated. The storage device 830
can be connected to the system bus 805. In one aspect, a
hardware module that performs a particular function can
include the software component stored in a computer-read-
able medium 1n connection with the necessary hardware com-
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ponents, such as the processor 810, bus 803, display 835, and
so forth, to carry out the function.

FI1G. 8B illustrates a computer system 850 having a chipset
architecture that can be used i1n executing the described
method and generating and displaying a graphical user inter-
tace (GUI). Computer system 850 1s an example of computer
hardware, software, and firmware that can be used to 1mple-
ment the disclosed technology. System 850 can include a
processor 853, representative of any number of physically
and/or logically distinct resources capable of executing soit-
ware, firmware, and hardware configured to perform 1denti-
fied computations. Processor 855 can communicate with a
chipset 860 that can control input to and output from proces-
sor 855. In this example, chipset 860 outputs information to
output 865, such as a display, and can read and write infor-
mation to storage device 870, which can include magnetic
media, and solid state media, for example. Chipset 860 can
also read data from and write data to RAM 875. A bridge 880
for interfacing with a variety of user interface components
885 can be provided for interfacing with chipset 860. Such
user interface components 885 can include a keyboard, a
microphone, touch detection and processing circuitry, a
pointing device, such as amouse, and so on. In general, inputs
to system 850 can come from any of a variety of sources,
machine generated and/or human generated.

Chipset 860 can also interface with one or more commu-
nication interfaces 890 that can have different physical inter-
faces. Such communication interfaces can include interfaces
for wired and wireless local area networks, for broadband
wireless networks, as well as personal area networks. Some
applications of the methods for generating, displaying, and
using the GUI disclosed herein can include receiving ordered
datasets over the physical interface or be generated by the
machine itself by processor 8535 analyzing data stored in
storage 870 or 875. Further, the machine can receive mputs
from a user via user 1terface components 885 and execute
appropriate functions, such as browsing functions by inter-
preting these mputs using processor 835.

It can be appreciated that exemplary systems 800 and 850
can have more than one processor 810 or be part of a group or
cluster of computing devices networked together to provide
greater processing capability.

For clarity of explanation, in some 1nstances the present
technology may be presented as including individual func-
tional blocks including functional blocks comprising devices,
device components, steps or routines 1n a method embodied
in software, or combinations of hardware and software.

In some embodiments the computer-readable storage
devices, mediums, and memories can include a cable or wire-
less signal containing a bit stream and the like. However,
when mentioned, non-transitory computer-readable storage
media expressly exclude media such as energy, carrier sig-
nals, electromagnetic waves, and signals per se.

Methods according to the above-described examples can
be implemented using computer-executable instructions that
are stored or otherwise available from computer readable
media. Such instructions can comprise, for example, 1nstruc-
tions and data which cause or otherwise configure a general
purpose computer, special purpose computer, or special pur-
pose processing device to perform a certain function or group
of functions. Portions of computer resources used can be
accessible over a network. The computer executable mstruc-
tions may be, for example, binaries, mtermediate format
instructions such as assembly language, firmware, or source
code. Examples of computer-readable media that may be
used to store instructions, information used, and/or informa-
tion created during methods according to described examples
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include magnetic or optical disks, flash memory, USB devices
provided with non-volatile memory, networked storage
devices, and so on.

Devices implementing methods according to these disclo-
sures can comprise hardware, firmware and/or software, and
can take any of a variety of form factors. Typical examples of
such form factors include laptops, smart phones, small form
factor personal computers, personal digital assistants, and so
on. Functionality described herein also can be embodied 1n
peripherals or add-in cards. Such functionality can also be
implemented on a circuit board among different chips or
different processes executing in a single device, by way of
turther example.

The 1nstructions, media for conveying such instructions,
computing resources for executing them, and other structures
for supporting such computing resources are means for pro-
viding the functions described in these disclosures.

Although a variety of examples and other information was
used to explain aspects within the scope of the appended
claims, no limitation of the claims should be implied based on
particular features or arrangements in such examples, as one
of ordinary skill would be able to use these examples to derive
a wide variety of implementations. Further and although
some subject matter may have been described in language
specific to examples of structural features and/or method
steps, 1t 1s to be understood that the subject matter defined 1n
the appended claims 1s not necessarily limited to these
described features or acts. For example, such functionality
can be distributed differently or performed in components
other than those identified herein. Rather, the described fea-
tures and steps are disclosed as examples of components of
systems and methods within the scope of the appended
claims.

The invention claimed 1s:

1. A method comprising;:

receving, by a computer processor of a first computing
device, a first location request for an estimated location
of a target computing device;

gathering, by the computer processor, a set of signal read-
ings describing wireless communication signals
received from the target computing device, each signal
reading of the set of signal readings including:

a signal strength value indicating a strength measure-
ment of a wireless communication signal recerved
from the target computing device,

a time stamp value indicating a time when the wireless
communication signal was recerved by a receiving
computing device, and

a geographic coordinate value indicating a geographic
location of the recerving computing device at the time
when the receiving computing device received the
wireless communication signal from the target com-
puting device;

selecting, by the computer processor, at least three signal

readings from the set of signal readings, the at least three
signal readings including a first signal reading with a
first geographic coordinate value and a first time stamp
value, and a second signal reading with a second geo-
graphic coordinate value and a second time stamp value,
wherein the first geographic coordinate value 1s different
than the second geographic coordinate value, the first
time stamp value 1s different than the second time stamp
value, and the first signal reading, and the second signal
reading both describe wireless communication signals
received by the first computing device from the target
computing device; and
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determining, by the computer processor, the estimated
location of the target computing device based on the at
least three signal readings by using at least a signal
strength value of the first signal reading, the first geo-

of a target computing device;

22

gather a set of signal readings describing wireless com-
munication signals received from the target comput-
ing device, each signal reading of the set of signal
readings including;:

graphic coordinate value of the first signal reading, a > a signal strength value indicating a strength measure-
signal strength value of the second signal reading, and ment of a wireless communication signal recerved
the second geographic coordinate value of the second from the target computing device,

signal reading to triangulate the estimated location of the a time stamp value indicating a time when the wireless
target computing device. communication signal was received by a receiving

2. The method of claim 1, further comprising; 10 computing device, and

presenting, on a graphical map interface, the estimated a geographic coordinate value indicating a geo-
location of the target computing device. graphic location of the recerving computing device

3. The method of claim 1, wherein gathering the set of at the time when the receiving computing device

signal readings describing wireless communication signals . received the wireless communication signal from
received from the target computing device comprises: the target computing device;

gathering, from a local memory of the first computing select at least three signal readings from the set of signal
device, a set of locally stored signal readings describing readings, the at least three signal readings including a
wireless communication signals recerved from the target first signal reading with a first geographic coordinate
computing device; 20 value and a first time stamp value, and a second signal

transmitting, to a tracking management system, a request reading with a second geographic coordinate value and a
for signal readings describing wireless communication second time stamp value, wherein the first geographic
signals recerved from the target computing device; and coordinate value 1s different than the second geographic

receiving, from the tracking management system, a set of coordinate value, the first time stamp value 1s different
cloud stored signal readings describing wireless com- 25 than the second time stamp value, and the first signal
munication signals recetved from the target computing reading, and the second signal reading both describe
device, the set of cloud stored signal readings including wireless communication signals received by the first
at least one signal readings not icluded 1n the set of computing device from the target computing device; and
locally stored signal readings, and the at least one signal determine the estimated location of the target computing
reading describing a wireless commumication signal 30 device based on the at least three signal readings by
received from the target computing device by a second using at least a signal strength value of the first signal
computing device, different than the first computing reading, the first geographic coordinate value of the first
device. signal reading, a signal strength value of the second

4. The method of claim 1, wherein selecting the at least signal reading, and the second geographic coordinate

three signal readings from the set of signal readings com- 35 value of the second signal reading to triangulate the
Prises: estimated location of the target computing device.
determining that the timestamp value of the first signal 8. The system of claim 7, wherein the 1nstructions further
reading 1s greater than a timestamp value of a third signal cause the first computing device to:
reading of the set of signal readings, the third signal present, on a graphical map interface, the estimated loca-
reading not included 1n the set of selected signal read- 40 tion of the target computing device.
1ngs. 9. The system of claim 7, wherein gathering the set of
5. The method of claim 1, wherein selecting the at least signal readings describing wireless communication signals
three signal readings from the set of signal readings com- received from the target computing device comprises:
Prises: gathering, from the local memory, a set of locally stored
determining that the first geographic coordinate value of 45 signal readings describing wireless communication sig-
the first signal reading 1s at least a threshold distance nals recerved from the target computing device;
apart from the second geographic coordinate value of the transmitting, to a tracking management system, a request
second signal reading. for signal readings describing wireless communication

6. The method of claim 1, further comprising: signals received from the target computing device; and

receiving a first wireless communication signal from a 50  receiwving, from the tracking management system, a set of
transmitting computing device; cloud stored signal readings describing wireless com-

determining a signal strength value of the first wireless munication signals recerved from the target computing
communication signal; device, the set of cloud stored signal readings including
determining a geographic coordinate value indicating the at least one signal readings not included 1n the set of
location of the first computing device when the first 55 locally stored signal readings, and the at least one signal
wireless communication signal was recerved; reading describing a wireless communication signal
determining a timestamp value indicating a time when the received from the target computing device by a second
first wireless communication signal was recerved; and computing device, different than the first computing
generating a new signal reading describing the first wire- device.
less communication signal. 60  10. The system of claim 7, wherein selecting the at least

7. A first computing device comprising;: three signal readings from the set of signal readings com-

one or more computer processors; and prises:

a local memory containing instructions that, when determining that the timestamp value of the first signal
executed by the one or more computer processors, cause reading 1s greater than a timestamp value of a third s1gnal
the first computing device to: 65 reading of the set of signal readings, the third signal
receive a first location request for an estimated location reading not included 1n the set of selected signal read-

ngs.
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11. The system of claim 7, wherein selecting the at least
three signal readings from the set of signal readings com-
Prises:

determining that the first geographic coordinate value of

24

value of the second signal reading to triangulate the
estimated location of the target computing device.

14. The non-transitory computer-readable medium of

claim 13, wherein the instructions further cause the first com-

the first signal reading 1s at least a threshold distance 5 puting device to:

apart from the second geographic coordinate value of the

second signal reading.

12. The system of claim 7, wherein selecting the subset of
signal readings from the set of signal readings comprises:

ranking the first signal reading and the second signal read-

ing signal based on at least one of:

the times stamp value of the first signal reading and the
time stamp value of the second signal reading,

a geographic coordinate value of the first signal reading
and a geographic coordinate value of the second sig-
nal reading, or

a signal strength value of the first signal reading and a
signal strength value of the second signal reading,
wherein the set of selected signal readings are
selected based on the ranking.

13. A non-transitory computer-readable medium contain-
ing instructions that, when executed by one or more computer
processors of a first computing device, cause the first com-
puting device to:

receive a first location request for an estimated location of

a target computing device;

gather a set of signal readings describing wireless commu-

nication signals received from the target computing

device, each signal reading of the set of signal readings
including;

a signal strength value indicating a strength measure-
ment of a wireless communication signal recerved
from the target computing device,

a time stamp value indicating a time when the wireless
communication signal was recerved by a receiving
computing device, and

a geographic coordinate value indicating a geographic
location of the recerving computing device at the time
when the receiving computing device received the
wireless communication signal from the target com-
puting device;

select at least three signal readings from the set of signal

readings, the at least three signal readings including a

first signal reading with a first geographic coordinate

value and a first time stamp value, and a second signal

reading with a second geographic coordinate value and a

second time stamp value, wherein the first geographic

coordinate value 1s different than the second geographic
coordinate value, the first time stamp value 1s different
than the second time stamp value, and the first signal
reading, and the second signal reading both describe
wireless communication signals recetved by the first
computing device from the target computing device; and
determine the estimated location of the target computing
device based on the at least three signal readings by
using at least a signal strength value of the first signal
reading, the first geographic coordinate value of the first
signal reading, a signal strength value of the second
signal reading, and the second geographic coordinate
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present, on a graphical map interface, the estimated loca-

tion of the target computing device.

15. The non-transitory computer-readable medium of
claim 13, wherein gathering the set of signal readings describ-
ing wireless communication signals received from the target
computing device comprises:

gathering, from a local memory of the first computing

device, a set of locally stored signal readings describing

wireless communication signals received from the target
computing device;

transmitting, to a tracking management system, a request

for signal readings describing wireless communication

signals recetved from the target computing device; and

recerving, from the tracking management system, a set of
cloud stored signal readings describing wireless com-
munication signals received from the target computing
device, the set of cloud stored signal readings including
at least one signal readings not included in the set of
locally stored signal readings, and the at least one signal
reading describing a wireless communication signal
received from the target computing device by a second
computing device, different than the first computing
device.

16. The non-transitory computer-readable medium of
claim 13, wherein selecting the at least three signal readings
from the set of signal readings comprises:

determiming that the timestamp value of the first signal

reading 1s greater than a timestamp value of a third signal

reading of the set of signal readings, the third signal
reading not included 1n the set of selected signal read-
ngs.

17. The non-transitory computer-readable medium of
claim 13, wherein selecting the at least three signal readings
from the set of signal readings comprises:

determining that the first geographic coordinate value of

the first signal reading 1s at least a threshold distance

apart from the second geographic coordinate value of the
second signal reading.

18. The non-transitory computer-readable medium of
claim 13, wherein selecting the subset of signal readings from
the set of signal readings comprises:

ranking the first signal reading and the second signal read-

ing signal based on at least one of:

the times stamp value of the first signal reading and the
time stamp value of the second signal reading,

a geographic coordinate value of the first signal reading
and a geographic coordinate value of the second si1g-
nal reading, or

a signal strength value of the first signal reading and a
signal strength value of the second signal reading,
wherein the set of selected signal readings are
selected based on the ranking.
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